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As shown previously, for a rotating disk acted upon by a nonrotating force of frequency,
w, a disk resonant mode at a response frequency P, is excited when:

P, = wxQn
where:

w = Forcing frequency (Hz)
Q = Disk angular velocity (RPS)
n = Mode nodal diameter

For the case under discussion where forcing frequencies, w = 4KQ exist, a resonant frequency P,,
for the nt* diameter mode will be excited when P, = w + nQ = 4KQ + nQ or:

P, =[4K £ n] @ 4)

During each test period the assembly response frequencies were established through on-line
analysis of the output signals from strain gages located on each of the four blades installed in the
2nd-stage disk as previously described. Rotational velocities which produced the greatest
response amplitudes at each response frequency were established by the application of a tracking
filter with a constant bandwidth of 10 Hz and a manually adjusted tuning frequency. At each
response frequency, the unfiltered strain gage output signal from at least three strain gage
locations was recorded and a Power Spectral Density (PSD) analysis conducted to establish
frequency components of this complex signal. This analysis shows considerable slip ring noise at
frequencies of E, 2E . . . . . nE where n = an integer, however, the response of the test structure
is primarily at one predominant frequency. This was proven by the fact that the disk response
frequency disappears when the magnetic excitation force is removed.

DATA ANALYSIS

During each of the two test periods, double pulsed interferometric holograms of the rotating-
vibrating test structure were constructed at a laser pulse separation of 30 to 40 us for each
response frequency at various test structure angular velocities. These response frequencies and
corresponding angular velocities are shown in Table 3. Photographs of typical reconstructed
holograms are shown in Figures 15 through 17. The reconstructed holograms are relatively sharp
in detail of the disk assembly, however, the large bias fringe density is still such that it is difficult
to establish the mode shapes resulting at each response frequency established.

Even though the test structure was partially disassembled to repair strain gage leads,
repeatability of the response frequencies established during each test period was excellent.

Rotational velocities of the test structure at which various preselected modes of vibration
could be excited were calculated based on analysis of the response frequencies established for the
nonrotating test structure in Section III and Equation (4) in this section. A plot of the various
response frequencies established as a function of structure rotational velocity during the spin pit
tests is shown in Figure 18. Lines of constant P,/Q are drawn and values of m and k from Equation
(4) which would satisfy this equation are shown. Also based on analysis of the test data, the
probable test structure resonant frequency as a function of rpm for the various modes similar to
a Campbell diagram are shown. Typical spectral plots of unfiltered signals, from strain gages
mounted on the F100 second-stage turbine blades, as shown in Figure 3, are shown in Figures 19
through 23 for several rotational velocities with corresponding test structure response frequencies
noted.

19




TABLE 3
DYNAMIC DATA DEVELOPED FOR AN F100 HIGH
TURBINE TEST STRUCTURE IN A CONTROLLED

SPIN PIT FACILITY
Test Structure Test Structure
Angular Response
Velocity Frequency, P, Probable Mode Reference
Q = rev/sec (Hz) Pyg Definition __ Figure No.
98.3 980 10  Blade alone 16
(6900 rpm) 18t bending
127.5 7686 (] 2 Nodal Dia 16
(7650 rpm)
126.0 766 6 2 Nodal Dia 15
(7560 rpm)
74.5 745 10 2 Nodal Dia 15
(4470 rpm)
96.8 967 10 Blade alone 16
(5810 rpm) 1st bending
113.6 11356 10 6 Nodal Dia 17
(6820 rpm)
127.5 765 6 2 Nodal Dia 16
(7650 rpm)
128.3 770 6 2 Nodal Dia 15
(7700 rpm)
120.0 960 8 4 Nodal Dia 16
(7200 rpm)
99.0 990 10  Blade alone 16
(5940 rpm) 1st bending
113.6 1136 10 6 Nodal Dia 17

(6810 rpm)
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Figure 17. Photo of Reconstructed Holograms of F100 High
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Function of Increasing Speed
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SECTION V

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

DISCUSSION

The purpose of this program was to investigate the feasibility of studying the dynamic
behavior of rotating structures under controlled laboratory conditions through the application of
derotated holographic interferometry. Particular emphasis was placed on comparing the dynamic
behavior of individual elements (blades) and an entire fully bladed disk structure under both
nonrotating and rotating conditions. However, a large bias fringe density, occurring during all
periods of rotating tests, preclude definitive analysis of the mode shapes resulting from the
structural response frequencies established. However, based on the theoretical behavior of
circular disks and analysis of the input excitation applied to the rotating structure through
interaction of the stationary dc electromagnets and the four equally spaced magnetic tooling
weights, the resultant mode shapes listed in Table 3 can be predicted with a good degree of
confidence.

Several factors in addition to the large bias fringe, make the test structure selected for this
program difficult to analyze as compared to more flexible solid circular disks or bladed disk with
long blades. The ratio of blade length to disk diameter for the test structure in this program is
approximately 1:7. As shown by nonrotating analysis in Section III, the larger structural
deflections occur in the blades and not in the disk for all of the first six nodal diameter modes.
This means that large interferometric fringe patterns would occur on the blades before any fringe
pattern would be evident on the disk. Secondly, the structure tested consists of two disks bolted
together with a rim spacer at the outer rim circumference which results in an extremely stiff disk
structure as compared to the blades. This structure was chosen for analysis because of visibility
resulting from previously identified problems and also with the belief that, if successful rotating
dynamic behavior of this rigid structure could be accomplished, analysis of less rigid structures
such as compressor and fan blades would be relatively simple.

Additional analysis of the bias fringe problem during and subsequent to this program
indicate that the plexiglass cover in the optical path can cause a distorted “Y-shaped” fringe
pattern typical of that seen in the spin pit tests. J. MacBain has accomplished tests which show
that this bias fringe density increases as the distance from the plexiglass to the spinning object
decreases and increases with either laser pulse separation or object rpm.

CONCLUSIONS

The dynamic behavior of individual F100 second-stage blades under nonrotating conditions
and of a fully bladed second-stage test structure under nonrotating and rotating conditions were
investigated using both continuous wave and derotated, pulsed laser holographic interferometry.
The following conclusions are presented:

1. The dynamic behavior of individual blades is similar in response frequency,
resultant mode shape and stress distribution for blade alone responses with
blades mounted either in a broached test fixture or blade-disk assembly
under nonrotating conditions.

2. Blade response frequencies, in either of the above configurations, were more
affected by blade ‘‘fixity”’ in the broach than by holding structure difference.
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3. As expected, centrifugal loading of the bladed-disk test structure resulted in
increasing response frequencies as shown in Figure 18. Figure 18 also shows
the feasibility of developing experimental Goodman diagrams (structural
response frequency vs rotational velocity) for various modes in a spin pit
facility.

4. Electromagnetic excitation of bladed-disk structures is practical and by
application of the relation P, = (K + n) Q all principal modes can be excited
by the proper spatial arrangement of magnets and tooling weights.

5. Optical derotated, pulsed laser holographic interferometry in a controlled
spin pit facility for the study of bladed-disk dynamic behavior is feasible as
shown by the holograms constructed during this program.

6. The degree of feasibility is directly related to the ability to produce sufficient
vibratory amplitude in the test structure and to eliminate the undesirable
bias fringe density.

RECOMMENDATIONS

Significant progress in applying derotated interferometric holography in a controlled spin
pit facility has been achieved during this program. Although some technical problems have been
identified and the constructed rotating holograms are not sufficiently definitive regarding
resultant mode shapes, the results are encouwiaging. Fratt & Whitney Aircraft Group,
Government Products Division is currently building a new spin pit facility which will be modified
as shown in Figure 9 to remove the plexiglass vacuum can cover from the optical path. As
previously noted, this should relieve the large bias fringe problem. To relieve the problem of a
very rigid test structure it is recommended that a less flexible test structure such as an F100 4th-
stage compressor bladed-disk be used in any subsequent investigations along with improved
excitation.

In view of the significant progress accomplished during this program, it is recommended
that this investigation be continued either under this or an additional program based on the
above recommendations.
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